Objective: To examine outcomes in a modern treatment era for stage III uterine serous carcinoma (USC). Methods: Fifty women were retrospectively identified as 2009 International Federation of Gynecology and Obstetrics stage III USC patients who received radiotherapy (RT) at our institution between 1/2003-5/2018. The patients were divided into 2 cohorts: 20 in the early era (2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010) and 30 in the modern era (2011)(2012)(2013)(2014)(2015)(2016)(2017)(2018). Patient characteristics were compared using χ 2 tests for categorical variables and t-tests for continuous variables. Recurrence free survival (RFS) and overall survival (OS) were analyzed with Kaplan-Meier estimates, the logrank test, and Cox proportional hazards. Results: The modern era differed from the early era in the increased use of volume-directed external beam RT (EBRT) as opposed to vaginal brachytherapy (VB) alone (33.3% vs 5.0%, p=0.048), minimally invasive surgery (56.7% vs. 25%, p=0.027), sentinel node sampling (26.7% vs. 0%, p=0.012), computed tomography imaging in the perioperative period (63.3% vs. 30%, p=0.044), and human epidermal growth factor receptor 2/neu testing (96.7% vs. 55%, p=0.001). Median follow-up for early and modern eras was 37.27 and 33.23 months, respectively. The early vs. modern 3-year RFS was 33% and 64% (p=0.039), respectively, while the 3-year OS was 55% and 90% (p=0.034). Regional nodal recurrence more common among the patients who received VB only (p=0.048). Conclusion: Modern era treatment was associated with improved RFS and OS in patients with stage III USC. Regional nodal recurrences were significantly reduced in patients who received EBRT.
INTRODUCTION
Uterine serous carcinoma (USC) is a rare subtype of endometrial cancer (EC) known to be highly aggressive [1] [2] [3] . Patients with USC present with more advanced-stage disease and are at greater risk for distant metastases compared to their endometrioid counterparts [2, [4] [5] [6] [7] . Though USC patients make up only 10% of all ECs, they account for up to 50% of EC-associated deaths [3, 8] . Because USC patients are at risk for both regional and distant recurrence, therapeutic guidelines recommend multimodality treatment including complete surgical staging, chemotherapy, and radiotherapy (RT) [2, 8, 9] . However, treatment regimens continue to vary widely amongst institutions [2, 5, [9] [10] [11] . While some centers offer combination chemoradiation, others choose to forgo adjuvant RT given the thought that USC patients have greater tendencies to recur distantly. Thus, a common concern is that the associated toxicities of RT may not be worth the benefit. Adjuvant RT for USC has evolved over time. USC was established as a distinct entity from endometrioid EC in 1982, at which time whole abdominal RT was considered as adjuvant treatment [2, 12] . This treatment resulted in significant toxicities in addition to persistent locoregional and distant recurrences [12] . In recent years, contemporary techniques involving vaginal brachytherapy (VB) with chemotherapy have been shown to benefit stage I-II USC patients [1, [13] [14] [15] , though high rates of failure in advanced disease remain a concern [3,5]. However, very few studies to date have focused on outcomes of advanced stage USC patients, with conflicting findings regarding the benefit of RT. The recently published randomized controlled trial by the PORTEC-3 group, which supports chemotherapy and RT in the management of stage III EC, included only a minority of USC patients, of which only 39 patients were stage III [16] . Thus, definitive recommendations are difficult to form based on these data.
At our institution, beginning around 2003, all USC patients, including those with stage III disease, were traditionally treated with 6 cycles of adjuvant carboplatin and paclitaxel and concurrent VB following surgical staging [5] . Due to a theoretical concern for additive toxicity with chemotherapy, such as bone marrow suppression, pelvic external beam RT (EBRT) was not favored in this early time period. VB, however, was thought to be a minimal field that would not increase toxicity significantly while also providing protection against recurrence in the vagina, known to be a common site of failure in all stages of USC [17] . Therefore, treating the vagina preventatively remained a clinical priority even in the setting of chemotherapy. The stage III USC cohort of patients treated from 2003-2010 was reported previously by Young et al., [5] with a finding that 66.7% of these patients experienced failures. Beginning around 2011, while surgery and chemotherapy remain the backbone of treatment, our institution has built upon and intensified this existing treatment paradigm for advanced stage USC patients. Changes have included an increased use of computed tomography (CT) imaging in the perioperative period to define baseline disease extent, routine testing for human epidermal growth factor receptor 2 (HER2)/neu with tailored use of trastuzumab for HER2/neu positive USC patients [4] , and lastly, in addition to VB and chemotherapy, routine consideration of EBRT for all stage III patients. Further, there has been increased use of minimally invasive surgical methods to improve post-operative recovery.
Given these contemporary changes in treatment for advanced stage USC patients, the purpose of this study is to examine outcomes, tolerability, and toxicities in the modern treatment era (defined as years 2011-2018) and to compare these findings with the prior treatment era (years 2003-2010).
MATERIALS AND METHODS
A retrospective review was conducted of patients with International Federation of Gynecology and Obstetrics (FIGO) stage III USC who received radiation at our institution from January 2003 to May 2018. Treatment eras were delineated based on a previous analysis at this All patients underwent adjuvant chemotherapy with an intended regimen of carboplatin (area under the curve=5-7) and paclitaxel (175 mg/m 2 ) given every 3 weeks, typically for 6 cycles. Adjuvant RT consisted of VB, EBRT, or both. VB was used almost exclusively in the early era, whereas pelvic RT ± VB for all stage III patients (with inclusion of para-aortic nodal coverage for IIIC2 patients) was considered in the modern era. However, reasons for exclusion of EBRT in the modern era may have included patient refusal, poor performance status or multiple comorbidities, or enrollment in clinical trials not permissive of EBRT; thus, RT in the modern era was less standardized. Among those who received EBRT, the dose was 45 Gy in 25 fractions either in a "sandwich" regimen between cycles 3 and 4 of chemotherapy or following completion of all 6 cycles. Intensity modulated radiation therapy (IMRT), typically with volumetric arc therapy, utilizing 2-4 arcs with 10 MV energy, was the chosen technique in all EBRT cases. The bowel bag was constrained to V40 less than 30% and V45 <200 mL. Bone marrow constraints were not used. VB was performed with a single channel vaginal cylinder and a high-dose-rate Ir-192 source. When performed as a boost to external beam, VB was delivered as 6 Gy × 2 fractions prescribed at the vaginal surface, and when prescribed as sole adjuvant treatment, was given as 6-7 Gy × 2-3 fractions prescribed at depth of 5mm. The active treatment length varied from 5-7 cm.
Early toxicities were those recorded during treatment or within 3 months of treatment completion. Late toxicities were those documented more than 90 days after treatment. All toxicities were graded with the CTCAE version 4.0.
Patients were followed with routine clinical examination, tumor markers, and vaginal cytology. In the early treatment era, contrast-enhanced CT imaging of the chest, abdomen, and pelvis was performed following completion of all adjuvant treatment, while in the modern treatment era, additional CT imaging may have been performed before surgery or within 30 days of surgery prior to adjuvant treatment. Recurrences were identified by imaging and biopsy and were identified as pelvic, para-aortic, or distant.
Statistical methods
Descriptive statistics on patient, tumor, and treatment characteristics were compared between treatment eras using χ 2 tests for categorical variables and t-tests for continuous variables.
Overall survival (OS) and recurrence free survival (RFS) curves were estimated using the Kaplan-Meier methods. RFS was counted from the surgery date until the date of first 
RESULTS

Patient, tumor, and treatment characteristics
Fifty patients were identified with stage III USC: 20 patients (40%) treated between 2003-2010, and 30 (60%) treated between 2011-2018. Table 1 summarizes patient, tumor, and treatment characteristics, as well as the balance of covariates across the treatment eras. The majority of patients in both eras had extended surgical staging, with a median of 16 pelvic lymph nodes removed (interquartile range of 10-21). Only 12 patients had fewer than 10 pelvic nodes dissected, of whom 8 had undergone sentinel lymph node procedures. The median number of para-aortic removed was 3 (interquartile range of 1-7). Peritoneal fluid cytology was examined for 46 patients (92%). Omental sampling was completed for 44 patients (88%).
There were no differences in any clinicopathologic characteristics between patients treated in the early and modern era. However, several differences in treatment paradigm are evident in Table 1 . Early era patients more often underwent open surgery (75%) compared to patients in the modern era (43.4%) (p=0.027). No patients in the early era underwent sentinel node biopsy compared to 8 women (26.7%) in the modern era who underwent sentinel node biopsy with or without selective lymphadenectomy (p=0.012). Nine patients (45%) in the early era did not undergo HER2/neu testing, while only 1 patient (3.3%) in the modern era did not receive HER2/neu testing (p=0.001). With regards to CT imaging, only 6 women (30%) in the early era underwent imaging in the perioperative period, while 19 women (63.3%) in the modern era received CT imaging within 30 days of surgery (p=0.044).
Lastly, in terms of adjuvant RT, 19 patients (95%) in the early era received VB only, and 1 patient (5%) received EBRT only as a part of a clinical trial protocol. In the modern era, 20 women (66.7%) were treated with VB only, while 10 (33.3%) received EBRT with (n=6) or without (n=4) a VB boost. Of the 11 patients who received EBRT, 6 patients underwent a "sandwich" regimen, in which EBRT was given after 3 cycles of chemotherapy, while 5 patients completed all 6 cycles of chemotherapy before starting EBRT. Seven patients were treated to the pelvis only, while 4 were treated to both pelvic and para-aortic nodal regions. Although EBRT was offered to all patients treated in the modern era, it was not administered in all cases due to patient refusal and/or clinician preference (n=5), poor performance status and/or multiple comorbidities (n=10), or enrollment on clinical trial protocols not permissive of EBRT (n=5). Of note, in the modern era, 2 of the 10 node-negative patients (20%) received EBRT, while 9 of the 20 node-positive patients (45%) received EBRT. Reasons for VB exclusion in patients treated with EBRT were related to patient preference.
Overall, treatment was tolerated well. Table 2 describes the locations of first recurrence based on variables that were significantly different between treatment eras. In the early treatment era, 13 women (65%) recurred; of those, 10 patients had a regional nodal component of their recurrence (defined as pelvic ± 6/13 https://ejgo.org https://doi.org/10.3802/jgo.2020.31.e53
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para-aortic nodes with/without distant), and 3 had distant recurrence only. In the modern treatment era, a total of 10 women (33.3%) recurred; of those, 7 patients had a regional nodal recurrence as a component (with or without distant disease), and 3 had distant recurrence only. There were no vaginal recurrences in either time period. Table 2 , regional nodal recurrence was rare among the 11 patients who received EBRT (n=1, 9%), whereas it was significantly more common (n=16, 41%) among the 39 patients who received VB only (p=0.048).
As shown in
Treatment outcomes
Median follow-up time for the early era and modern era was 37.27 months (range: 13.78-158.56) and 33.23 months (range: 5.85-82.29), respectively. Amongst patients treated in the early era, 13 (65%) had a recurrence with a median time to first recurrence of 13.08 months (range: 4.77-32.09). In the modern era, 10 patients (33.3%) had a recurrence with a median time to first recurrence of 20.32 months (range: 5.72-38.04). The median time to death for early and modern eras was 34.85 months (range: 13.78-102.84) and 37.51 months (range: 24.89-52.34), respectively. Of the 22 deaths recorded, 14 were due to EC, 3 were due to another primary cancer, and 5 deaths occurred in patients who were disease-free at their last follow-up but whose records were insufficient to determine their ultimate cause of death. Table 3 summarizes unadjusted hazard ratios for RFS and OS. Of all variables examined, only later treatment era predicted for both improved RFS (p=0.044) and OS (p=0.032). The early vs. modern treatment era 3-year RFS was 33% and 64% (p=0.039), respectively, while the 3-year OS was 55% and 90% (p=0.034) ( Figs. 1 and 2) .
DISCUSSION
This study examines trends in treatment and compares the outcomes of 50 patients with stage III USC treated in early and modern treatment eras. Follow-up times were comparable between groups. Though the patient populations had similar treatment characteristics, 7/13 https://ejgo.org https://doi.org/10.3802/jgo.2020.31.e53
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we found several significant differences. Patients treated in the modern era more often underwent minimally invasive surgery, CT imaging within the perioperative period, HER2/ neu testing, and EBRT. Our results demonstrate improvement in RFS and OS for those treated in the modern era, suggesting that some combination of these treatment characteristics provides benefit to this population. Furthermore, despite intensification of treatment in the modern era, we did not see an increase in toxicities or decrease in tolerability of recommended regimens.
There are several notable findings from our study. First, minimally invasive surgical methods have increased over the past 7 years with no detriment to outcomes. This trend is mirrored nationally, as the number of EC patients who underwent minimally invasive hysterectomy increased from 22% to 50% between 2007 and 2011 [18] . A landmark randomized controlled trial by the Gynecologic Oncology Group (GOG) comparing laparoscopic and open hysterectomies found that minimally invasive hysterectomies result in improved short-term surgical outcomes [19, 20] . Because USC is a disease of older women, many of whom have other comorbidities, improved short-term surgical outcomes may result in improved OS. The modern era was also characterized by increased use of sentinel lymph node biopsy with or without selective lymphadenectomy. Complete lymphadenectomy has been the gold standard for detecting EC metastases [21] and has also been utilized as a tool for detecting microscopic and macroscopic disease [22] . Recently, sentinel node biopsies have been shown to have high diagnostic accuracy for metastases while exposing to patients to less risks [23] .
Second, the use of peri-operative CT imaging was not standardized for high risk EC at our institution until recently. In the early era of our study, CT imaging was viewed as a tool for follow-up surveillance upon completion of adjuvant therapies. However, because imaging can be used to identify lymph node metastases and distant spread, it can be a helpful tool in assessing baseline extent of disease before adjuvant treatment is administered, even in the setting of extensive staging surgery. As patients with early metastatic disease are not appropriate for adjuvant EBRT, CT imaging should be considered for all EC patients with high-risk histology, especially in the setting of node-positive disease, and is supported by national guidelines [24] . . While the numbers in this study are small, the addition of consistent HER2/neu testing and the use of trastuzumab may have contributed to improved outcomes in the modern era.
Lastly, optimal multimodality adjuvant treatment remains murky for advanced stage USC patients due to paucity of trials focused specifically on this population. The importance of chemotherapy is frequently emphasized. Our study, as well as several prior retrospective studies, suggest more favorable outcomes with combination chemotherapy and EBRT [7, 8, 26, 27] . In an institutional review of 135 patients with stage I-IV USC patients, of which 51 were stage III, Viswanathan et al. [2] demonstrated an improved relapse-free survival for patients treated with RT compared to those whose treatment did not include RT. A Surveillance, Epidemiology, and End Results study of stage III USC patients reported improved 5-year OS (38% vs. 27%) and RFS (38% vs. 27%) for combination chemotherapy and pelvic radiation ± brachytherapy compared to chemotherapy alone [7] . Patterns of failure differ for patients treated with adjuvant chemotherapy or RT. One series studying high-risk EC patients treated with only adjuvant chemotherapy reported high rates of pelvic recurrence [11] , while another studying stage III EC patients treated with only regional RT reported high rates of distant and local recurrence [28] . In our analysis of sites of recurrence, we found fewer recurrences with any regional component in the modern era compared to the earlier era (23.3% vs. 50%). Of the 11 patients who received EBRT, only 1 patient recurred regionally (9%), compared to 16 of the 39 patients who received VB only (41%). Of the regional recurrences in the VB only group, a majority (12/16) were isolated regional failures, which may have been prevented with use of volume-directed EBRT. Furthermore, EBRT was generally well-tolerated with few grade 3-4 toxicities, apart from one patient who experienced grade 3 diarrhea. These results agree with several studies that indicate acceptably low toxicities in advanced stage EC patients treated with EBRT in either the sequential or "sandwich" method [29] [30] [31] , especially with IMRT techniques [32] . Because of the small number of patients who received EBRT in our study, it is difficult to draw definitive conclusions. However, these pattern of failure results suggest that EBRT may be indicated for USC patients who present with advanced stage and are at high risk for regional recurrences. These conclusions are further bolstered by recent randomized data of advanced or high risk EC, including the published PORTEC-3 trial [16] , which supports both chemotherapy and EBRT in this population, and the GOG 258, which found improved locoregional failure rates in the group of patients who received both chemotherapy and EBRT as opposed to chemotherapy alone [33] .
This study has several important limitations. First, this study analyzes a small cohort of patients at a single institution, all of whom received radiation, and it is thus difficult to generalize conclusions. In addition, though we have highlighted several distinctions between treatment eras, there may be other unstudied factors that may also account for the observed difference in treatment outcomes. Since this study reviews outcomes over a span of time, 10/13 https://ejgo.org https://doi.org/10.3802/jgo.2020.31.e53
Modern trends in treatment for stage III USC P r o v i s i o n a l P r o v i s i o n a l stage migration is also a possible limitation. Furthermore, this was a retrospective study, and while adjuvant treatment was relatively standardized in the early treatment era, there may have been some treatment bias in the modern era (i.e. which patients received EBRT, etc.). While we show an association between modern treatment approaches with better outcomes compared to our historic cohort, we cannot prove causation by any one or some of these factors. This could only be accomplished with randomization and larger numbers. However, clinical trials focused specifically on advanced stage USC are rare and prospective studies for this rare disease are challenging.
Despite these limitations, this study is the first to our knowledge that directly compares VB and EBRT in conjunction with chemotherapy in stage III USC patients and thus provides unique information unavailable in recent trials. When compared to published data on stage III patients treated with chemotherapy alone, the patients treated with VB in our study did not appear to have a reduced risk of regional failure; however, there was likely a benefit in terms of reduced vaginal failure. For example, in the recently published GOG 258 trial, the 5-year incidence of vaginal recurrence was 7% in the chemotherapy alone arm (compared with 2% in the chemoradiotherapy arm and compared with no vaginal recurrences in the present study) [33] . Further, this is one of very few studies that focuses specifically on outcomes of advanced stage USC patients; as such, this study is strengthened by the stage homogeneity of its cohort. In addition, given the rarity of this subtype, our study includes a relatively large cohort of stage III USC patients, comparable to the number of stage III USC patients included in prior large institutional series [2, 3] . Our study is further strengthened by its grounding at a high volume, tertiary care center with a long history of studying and treating this rare disease.
In summary, patients with stage III USC have improved RFS and OS in the modern treatment era that includes minimally invasive surgery, earlier use of CT imaging in monitoring disease, molecular and genomics driven care, and EBRT for locoregional control of disease. Larger multi-institutional and prospective studies are needed to better delineate these patterns towards improved RFS and OS. 
